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(57) ABSTRACT 
Provided is a semiconductor device exemplified by an 
inverter circuit and a shift register circuit, which is charac 
terized by a reduced number of transistors. The semicon 
ductor device includes a first transistor, a second transistor, 
and a capacitor. One of a source and a drain of the first 
transistor is electrically connected to a first wiring, and the 
other thereof is electrically connected to a second wiring. 
One of a source and a drain of the second transistor is 
electrically connected to the first wiring, a gate of the second 
transistor is electrically connected to a gate of the first 
transistor, and the other of the source and the drain of the 
second transistor is electrically connected to one electrode of 
the capacitor, while the other electrode of the capacitor is 
electrically connected to a third wiring. The first and second 
transistors have the same conductivity type. 
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FIG. 2A 

FIG. 2B 
  



US 2017/0053952 A1 Feb. 23, 2017. Sheet 3 of 17 Patent Application Publication 
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FIG. 5A   
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SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 14/594,256, filed Jan. 12, 2015, now allowed, 
which is a continuation of U.S. application Ser. No. 14/222, 
822, filed Mar. 24, 2014, now U.S. Pat. No. 8,941,416, 
which is a continuation of U.S. application Ser. No. 13/606, 
440, filed Sep. 7, 2012, now U.S. Pat. No. 8,736,315, which 
claims the benefit of a foreign priority application filed in 
Japan as Serial No. 2011-217 150 on Sep. 30, 2011, all of 
which are incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. One embodiment of the present invention relates to 
semiconductor devices and display devices. 
0004 2. Description of the Related Art 
0005. The increase in size of display devices such as 
liquid crystal display devices and EL display devices pro 
motes the development of display devices with higher added 
value. In particular, techniques by which a driver circuit in 
a display device is composed of only transistors having the 
same conductivity type have been actively developed (see 
Patent Document 1 and Non-Patent Document 1). 
0006 FIG. 17A illustrates a driver circuit disclosed in 
Patent Document 1. The driver circuit disclosed in Patent 
Document 1 is composed of transistors M1, M2, M3, and 
M4. When a signal IN is at high level, the transistor M1 is 
turned off and the transistors M2 to M4 are turned on. Thus, 
a signal OUT exists in high level. On the other hand, when 
the signal IN is at low level, the transistor M1 is turned on, 
the transistors M2 and M4 are turned off, and the transistor 
M3 is temporarily turned on and then turned off. Thus, the 
signal OUT is at low level. 
0007 FIG. 17B illustrates a driver circuit disclosed in 
Non-Patent Document 1. The driver circuit disclosed in 
Non-Patent Document 1 is composed of transistors M11 to 
M19 and a capacitor C11. When a signal IN is at high level, 
the transistors M12, M14, M16, and M17 are turned on; the 
transistors M11, M13, and M15 are turned off, and the 
transistors M18 and M19 are temporarily turned on and then 
turned off. Thus, a signal OUT becomes low. On the other 
hand, when the signal IN is at low level, the transistors M12. 
M14, M16, M17, and M18 are turned off the transistors 
M11, M15, and M19 are turned on; and the transistor M13 
is temporarily turned on and then turned off. Thus, the signal 
OUT is set at high level. 

REFERENCE 

0008 Patent Document 1: Japanese Published Patent 
Application No. 2002-328643 
0009. Non-Patent Document 1: Eri Fukumoto, Toshiaki 
Arai, Narihiro Morosawa, Kazuhiko Tokunaga, Yasuhiro 
Terai, Takashige Fujimori, and Tatsuya Sasaoka, "High 
Mobility Oxide Semiconductor TFT for Circuit Integration 
of AM-OLED. IDW 10, pp. 631-634 

SUMMARY OF THE INVENTION 

0010. In the driver circuit disclosed in Patent Document 
1, both the transistors M3 and M4 are turned on when the 
signal IN is at high level. For that reason, a current flows to 

Feb. 23, 2017 

a wiring supplied with a potential VSS via the transistors M3 
and M4 in this order from a wiring supplied with a potential 
VDD in a period during which the signal IN is at high level, 
whereby power consumption is increased. 
0011. In addition, in the driver circuit disclosed in Patent 
Document 1, the potential of a gate of the transistor M1 
needs to be low enough to turn off the transistor M1 in a 
period during which the signal IN is at high level. Conse 
quently, the ratio of channel width (W) to channel length (L) 
(hereinafter referred to as “W/L) of the transistor M4 needs 
to be sufficiently larger than that of the transistor M3. 
However, it is not always easy to increase W/L of the 
transistor M3 because increase in W/L of the transistor M3 
simultaneously requires increase in W/L, of the transistor 
M4, leading to magnify the layout area. For that reason, 
when the transistor M3 is turned on and the potential VDD 
is Supplied to the gate of the transistor M1 in a period during 
which the signal IN is at high level, it takes a long time for 
the potential of the gate of the transistor M1 to reach a 
predetermined potential. Accordingly, the timing of turning 
on the transistor M1 is delayed and Vgs of the transistor M1 
is decreased, so that the rise time of the signal OUT is 
extended. As a result, delay, distortion, or the like of the 
signal OUT occurs. 
0012. As is clear from comparison with the driver circuit 
disclosed in Patent Document 1, the driver circuit disclosed 
in Non-Patent Document 1 requires a large number of 
elements including transistors and capacitors. 
0013. In view of the above technical background, an 
object of one embodiment of the present invention is to 
reduce a current flowing between wirings of a circuit via a 
transistor to reduce power consumption thereof. Another 
object is to shorten the rise time of an output signal from a 
circuit to reduce delay or distortion of the output signal. 
Another object is to reduce the number of elements such as 
transistors and capacitors in a circuit. Still another object is 
to provide a novel circuit configuration. Note that an object 
and an effect are inseparable, and it is apparent that an effect 
described in this specification and the like is accompanied 
by an object associated with the effect. On the other hand, it 
is apparent that an object described in this specification and 
the like is accompanied by an effect associated with the 
object. 
0014. According to one embodiment of the present inven 
tion, a semiconductor device includes: a first transistor 
having a source and a drain one of which is electrically 
connected to a first wiring and the other of which is 
electrically connected to a second wiring; a second transistor 
having a source and a drain one of which is electrically 
connected to the first wiring, and a gate electrically con 
nected to a gate of the first transistor, and a capacitor having 
a pair of electrodes one of which is electrically connected to 
a third wiring and the other of which is electrically con 
nected to the other of the source and the drain of the second 
transistor. 

0015. In the embodiment of the present invention, W/L 
(W: channel width, L: channel length) of the first transistor 
may be higher than that of the second transistor. 
0016. In the embodiment of the present invention, the 

first transistor and the second transistor may have the same 
conductivity type. 
0017. According to one embodiment of the present inven 
tion, a current flowing between wirings of a circuit via a 
transistor can be reduced, which results in reduction in 
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power consumption thereof. In addition, the rise time of an 
output signal from a circuit can be shortened, so that delay 
or distortion of the output signal can be reduced. Moreover, 
the number of elements such as transistors and capacitors 
can be reduced in a circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018. In the accompanying drawings: 
0019 FIGS. 1A and 1B are diagrams for explaining an 
inverter circuit according to one embodiment of the present 
invention; 
0020 FIGS. 2A and 2B each illustrate an inverter circuit 
according to one embodiment of the present invention; 
0021 FIGS. 3A and 3B each illustrate an inverter circuit 
according to one embodiment of the present invention; 
0022 FIGS. 4A to 4F are diagrams each illustrating a 
circuit used in an inverter circuit according to one embodi 
ment of the present invention; 
0023 FIGS.5A and 5B each illustrate an inverter circuit 
according to one embodiment of the present invention; 
0024 FIGS. 6A and 6B each illustrate an inverter circuit 
according to one embodiment of the present invention; 
0025 FIGS. 7A and 7B are diagrams for explaining a 
shift register circuit according to one embodiment of the 
present invention; 
0026 FIGS. 8A and 8B each illustrate a shift register 
circuit according to one embodiment of the present inven 
tion: 
0027 FIGS. 9A and 9B each illustrate a shift register 
circuit according to one embodiment of the present inven 
tion; 
0028 FIGS. 10A and 10B each illustrate a shift register 
circuit according to one embodiment of the present inven 
tion; 
0029 FIG. 11 illustrates a shift register circuit according 

to one embodiment of the present invention: 
0030 FIG. 12 illustrates a display device according to 
one embodiment of the present invention; 
0031 FIGS. 13 A to 13D each illustrate a transistor 
according to one embodiment of the present invention; 
0032 FIG. 14 illustrates a display device according to 
one embodiment of the present invention; 
0033 FIGS. 15A to 15E each illustrate an electronic 
device according to one embodiment of the present inven 
tion; 
0034 FIGS. 16A to 16C are diagrams for illustrating a 
semiconductor device according to one embodiment of the 
present invention; and 
0035 FIGS. 17A and 17B each illustrate a conventional 
driver circuit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0036) Examples of embodiments of the present invention 
will be described below with reference to the accompanying 
drawings. Note that it will be readily appreciated by those 
skilled in the art that details of the embodiments can be 
modified in various ways without departing from the spirit 
and scope of the present invention. The present invention is 
therefore not limited to the following description of the 
embodiments. 
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Embodiment 1 

0037. In Embodiment 1, an inverter circuit (also referred 
to as “semiconductor device' or “driver circuit”) according 
to one embodiment of the present invention will be 
described. 
0038. The configuration of an inverter circuit in this 
embodiment will be described with reference to FIG. 1A. 
0039. The inverter circuit illustrated in FIG. 1A includes 
a circuit 100 and a circuit 200. The circuit 100 is connected 
to a wiring 11, a wiring 12, a wiring 13, a wiring 14, and the 
circuit 200. The circuit 200 is connected to the wiring 11, the 
wiring 13, the wiring 14, and the circuit 100. 
0040. The circuit 100 includes a transistor 101 and a 
transistor 102. A first terminal (also referred to as “one of a 
source and a drain”) of the transistor 101 is connected to the 
wiring 11. A second terminal (also referred to as “the other 
of the source and the drain”) of the transistor 101 is 
connected to the wiring 12. A first terminal of the transistor 
102 is connected to the wiring 13. A second terminal of the 
transistor 102 is connected to the wiring 12. A gate of the 
transistor 102 is connected to the wiring 14. 
0041. The circuit 200 includes a transistor 201, a tran 
sistor 202, a transistor 203, and a capacitor 204. A first 
terminal of the transistor 201 is connected to the wiring 11. 
A gate of the transistor 201 is connected to a gate of the 
transistor 101. A first terminal of the transistor 202 is 
connected to the wiring 13. A second terminal of the 
transistor 202 is connected to a second terminal of the 
transistor 201. Agate of the transistor 202 is connected to the 
wiring 14. A first terminal of the transistor 203 is connected 
to the wiring 13. A second terminal of the transistor 203 is 
connected to the gate of the transistor 201. A gate of the 
transistor 203 is connected to the wiring 14. A first electrode 
(also referred to as “one electrode’) of the capacitor 204 is 
connected to the wiring 14. A second electrode (also referred 
to as “the other electrode’) of the capacitor 204 is connected 
to the second terminal of the transistor 201. 
0042. Note that a node N1 denotes a point where the gate 
of the transistor 101, the gate of the transistor 201, and the 
second terminal of the transistor 203 are connected to each 
other. A node N2 denotes a point where the second terminal 
of the transistor 201, the second terminal of the transistor 
202, and the second electrode of the capacitor 204 are 
connected to each other. 
0043. Note that the transistors included in the inverter 
circuit in this embodiment preferably have the same con 
ductivity type. For example, in the inverter circuit illustrated 
in FIG. 1A, the transistors 101, 102, and 201 to 203 
preferably have the same conductivity type. In this embodi 
ment, the case where the transistors 101, 102, and 201 to 203 
are n-channel transistors is described. 
0044) Note that in this specification and the like, the term 
“connection” means electrical connection and corresponds 
to a state in which current, Voltage, a potential, a signal, 
charge, or the like can be supplied or transmitted. The state 
of being “connected therefore means not only a state of 
direct connection but also a state of indirect connection 
through an element such as a wiring, a conductive film, a 
resistor, a diode, a transistor, or a Switching element, for 
example. 
0045. The wiring 11 (also referred to as “power supply 
line') is supplied with a potential VDD and has a function 
of transmitting the potential VDD. The potential VDD is a 
constant potential. 
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0046. The wiring 13 (also referred to as “power supply 
line') is supplied with a potential VSS and has a function of 
transmitting the potential VSS. The potential VSS is a 
constant potential and lower than the potential VDD. 
0047. The wiring 14 (also referred to as “signal line') is 
Supplied with a signal IN and has a function of transmitting 
the signal IN. The signal IN is an input signal of the inverter 
circuit illustrated in FIG. 1A. The signal IN is a signal for 
controlling the on/off state of the transistor 102, the transis 
tor 202, and the transistor 203. 
0048. The wiring 12 (also referred to as “signal line') 
outputs a signal OUT and has a function of transmitting the 
signal OUT. The signal OUT is an output signal of the 
inverter circuit illustrated in FIG. 1A. 
0049. Without limitation to the above signals and poten 

tials, various other signals and potentials can be input to the 
wirings 11, 13, and 14. 
0050. The circuit 100 (also referred to as “buffer circuit”) 
has a function of supplying the potential VDD of the wiring 
11 to the wiring 12 in accordance with an output signal of the 
circuit 200, and a function of supplying the potential VSS of 
the wiring 13 to the wiring 12 in accordance with the signal 
IN. That is, the circuit 100 has a function of supplying one 
of the potential VDD of the wiring 11 and the potential VSS 
of the wiring 13 to the wiring 12 in accordance with the 
output signal of the circuit 200 and the signal IN. 
0051. The circuit 200 (also referred to as “control cir 
cuit”) has a function of generating a signal (the potential of 
the node N1) for controlling the time at which the circuit 100 
supplies the potential VDD of the wiring 11 to the wiring 12. 
in accordance with the signal IN. 
0052. The transistor 101 has a function of controlling 
electrical continuity between the wiring 11 and the wiring 
12, a function of supplying the potential VDD of the wiring 
11 to the wiring 12, and a function of holding a potential 
difference between the wiring 12 and the node N1. 
0053. The transistor 102 has a function of controlling 
electrical continuity between the wiring 13 and the wiring 
12, and a function of supplying the potential VSS of the 
wiring 13 to the wiring 12. 
0054 The transistor 201 has a function of controlling 
electrical continuity between the wiring 11 and the node N2, 
a function of supplying the potential VDD of the wiring 11 
to the node N2, and a function of holding a potential 
difference between the node N1 and the node N2. 

0055. The transistor 202 has a function of controlling 
electrical continuity between the wiring 13 and the node N2, 
and a function of supplying the potential VSS of the wiring 
13 to the node N2. 

0056. The transistor 203 has a function of controlling 
electrical continuity between the wiring 13 and the node N1, 
and a function of supplying the potential VSS of the wiring 
13 to the node N1. 

0057 The capacitor 204 has a function of holding a 
potential difference between the wiring 14 and the node N2. 
0058 Next, an example of a method of driving the 
inverter circuit illustrated in FIG. 1A will be described with 
reference to FIG. 1B. FIG. 1B is an example of a timing 
chart illustrating the method of driving the inverter circuit in 
FIG 1A 

0059. The following description is made assuming that 
the signal IN is a digital signal with a high-level potential 
equal to the potential VDD and a low-level potential equal 
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to the potential VSS. The case where the signal IN is at high 
level and the case where the signal IN is at low level are 
separately described. 
0060 First, when the signal IN is set at high level, the 
transistors 102, 202, and 203 are turned on. 
0061. When the transistor 203 is turned on, the potential 
VSS of the wiring 13 is supplied to the node N1, so that the 
potential of the node N1 decreases to the potential VSS. 
When the potential of the node N1 decreases to the potential 
VSS, the transistors 101 and 201 are turned off. 
0062. When the transistor 202 is turned on, the potential 
VSS of the wiring 13 is supplied to the node N2. Thus, the 
potential of the node N2 decreases to the potential VSS. 
0063. When the transistor 102 is turned on, the potential 
VSS of the wiring 13 is supplied to the wiring 12. Thus, the 
potential of the wiring 12 decreases to the potential VSS. 
That is, the signal OUT is changed to low level. 
0064. Then, when the signal IN is set at low level, the 
transistors 102, 202, and 203 are turned off. 
0065. When the transistor 203 is turned off, the node N1 

is brought into a floating state. Consequently, the potential of 
the node N1 remains at the potential VSS, so that the 
transistors 101 and 201 are kept off. 
0066. When the transistor 202 is turned off, the node N2 

is brought into a floating state. At this time, the potential 
difference between the wiring 14 and the node N2 in the 
period during which the signal IN is at high level is held in 
the capacitor 204. Thus, the potential of the node N2 
decreases when the signal IN is set at low level. The 
transistor 201 is turned on when the potential of the node N2 
decreases to less than a potential obtained by Subtracting the 
threshold voltage of the transistor 201 from the potential of 
the node N1 (e.g., the potential VSS). 
0067. When the transistor 201 is turned on, the potential 
VDD of the wiring 11 is supplied to the node N2, so that the 
potential of the node N2 rises. At this time, the potential 
difference between the node N1 and the node N2 at the time 
when the transistor 202 is off is held between the gate and 
the second terminal of the transistor 201. Consequently, the 
potential of the node N1 also rises along with the increase in 
the potential of the node N2. The potential of the node N2 
rises to the potential VDD, and the potential of the node N1 
exceeds the potential VDD. This is called bootstrap. Then, 
the transistor 101 is turned on by the increase in the potential 
of the node N1. 
0068. When the transistor 101 is turned on, the potential 
VDD of the wiring 11 is supplied to the wiring 12. More 
over, the potential of the node N1 exceeds the potential VDD 
as has been described. Consequently, the potential of the 
wiring 12 increases to the potential VDD. That is, the signal 
OUT becomes high. 
0069. As described above, the inverter circuit in FIG. 1A 
does not have a period during which both the transistors 101 
and 102 are on or a period during which both the transistors 
201 and 202 are on, thereby eliminating a path through 
which current flows between the wirings 11 and 13. Further, 
the high-level potential of the signal OUT can be increased 
to the potential VDD of the wiring 11 with a smaller number 
of transistors than a conventional driver circuit. 
(0070. When the signal IN is set at low level, the potential 
of the node N1 rises along with the increase in the potential 
of the second terminal of the transistor 101 as well as the 
increase in the potential of the second terminal of the 
transistor 201. As a result, the time required for the potential 
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of the node N1 to reach a predetermined potential can be 
shortened, so that the timing of turning on the transistor 101 
can be advanced. Moreover, since the potential of the node 
N1 can be made higher, Vgs of the transistor 101 can be 
further increased. The rise time of the signal OUT can be 
significantly shortened with a synergistic interaction of the 
ability of the inverter circuit in FIG. 1A to advance timing 
for turning on the transistor 101 and the ability to increase 
Vgs of the transistor 101. 
(0071 Next, inverter circuits different from the one in 
FIG. 1A will be described with reference to FIGS 2A and 
2B, FIGS. 3A and 3B, FIGS. 4A to 4F, FIGS.5A and 5B, and 
FIGS. 6A and 6B. 
0072. The inverter circuit illustrated in FIG. 2A has a 
configuration in which a circuit 300A is provided in the 
inverter circuit in FIG. 1A. 
0073. A first terminal (also referred to as “input termi 
nal) of the circuit 300A is connected to the wiring 14. A 
second terminal (also referred to as “output terminal) of the 
circuit 300A is connected to the gate of the transistor 203. 
0074 The circuit 300A has a function of outputting, from 
the second terminal, a signal corresponding to a signal input 
to the first terminal (e.g., the signal IN) and a function of 
outputting, from the second terminal, a signal that is delayed 
and/or distorted compared to the signal input to the first 
terminal. 
0075. Note that for example, the expression “a second 
signal is delayed compared to a first signal” means that the 
timing of rising or falling of the second signal is later than 
that of the first signal. Further, for example, the expression 
“the second signal is distorted compared to the first signal” 
means that the rise time or fall time of the second signal is 
longer than that of the first signal. 
0076. In the inverter circuit in FIG. 2A, the signal output 
from the second terminal of the circuit 300A remains at high 
level for a predetermined period after the signal IN changes 
from high level to low level. In other words, the transistor 
203 is kept on and the potential VSS continues to be 
supplied to the node N1 for a predetermined period after the 
signal IN changes from high level to low level. 
0077 Accordingly, in the inverter circuit in FIG. 2A, the 
potential VSS of the wiring 13 can be supplied to the node 
N1 when the potential of the node N2 is decreased by 
capacitive coupling caused by the capacitor 204, thereby 
suppressing the decrease in the potential of the node N1 
along with the decrease in the potential of the node N2. That 
is, the potential difference between the node N1 and the node 
N2 can be increased so that the potential of the node N1 at 
the time when the potential of the node N2 becomes the 
potential VDD can be made higher and Vgs of the transistor 
101 can be further increased. Consequently, the rise time of 
the signal OUT can be shortened. 
0078. Note that in the inverter circuit in FIG. 2A, the first 
electrode of the capacitor 204 may be connected to the 
second terminal of the circuit 300A. 
007.9 The inverter circuit illustrated in FIG. 2B has a 
configuration in which a circuit 300B is provided in the 
inverter circuit in FIG. 2A. 
0080. A first terminal of the circuit 300B is connected to 
the wiring 14. A second terminal of the circuit 300B is 
connected to the first electrode of the capacitor 204. 
0081. The circuit 300B has functions similar to those of 
the circuit 300A. However, it is preferable that a signal 
output from the second terminal of the circuit 300B be not 
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delayed and/or distorted largely compared to a signal output 
from the second terminal of the circuit 300A. 

I0082 In the inverter circuit in FIG. 2B, the signals output 
from the second terminal of the circuit 300A and the second 
terminal of the circuit 300B remain at high level for a 
predetermined period after the signal IN changes from high 
level to low level. In other words, the transistor 203 is kept 
on and the potential VSS continues to be supplied to the 
node N1 for a predetermined period after the signal IN 
changes from high level to low level. In addition, a signal 
input to the first electrode of the capacitor 204 remains at 
high level for a predetermined period. 
I0083. After that, even after the signal output from the 
second terminal of the circuit 300B changes from high level 
to low level, the signal output from the circuit 300A remains 
at high level for a predetermined period. In other words, the 
transistor 203 is kept on and the potential VSS continues to 
be supplied to the node N1 for a predetermined period after 
the signal output from the second terminal of the circuit 
300B changes from high level to low level. 
I0084 Consequently, in the inverter circuit in FIG.2B, the 
potential of the first electrode of the capacitor 204 can be 
lowered after the transistor 202 is turned off. In other words, 
the potential of the node N2 can be lowered by capacitive 
coupling resulting from the capacitor 204 after the node N2 
is assuredly brought into a floating state. Thus, the potential 
of the node N2 can be further lowered. Further, as in the 
inverter circuit in FIG. 2A, the potential VSS of the wiring 
13 can be supplied to the node N1 in the inverter circuit in 
FIG. 2B when the potential of the node N2 is lowered by 
capacitive coupling caused by the capacitor 204, thereby 
suppressing the decrease in the potential of the node N1 
along with the decrease in the potential of the node N2. 
I0085. The potential difference between the node N1 and 
the node N2 can be further increased with a synergistic 
interaction of the ability of the inverter circuit in FIG. 2B to 
further lower the potential of the node N2 and the ability to 
suppress the decrease in the potential of the node N1. A 
larger potential difference between the node N1 and the node 
N2 can further increase the potential of the node N1 at the 
time when the potential of the node N2 becomes the poten 
tial VDD, resulting in further increase in Vgs of the tran 
sistor 101. Consequently, the rise time of the signal OUT can 
be further shortened. 

0086. The inverter circuit illustrated in FIG. 3A has a 
configuration in which a circuit 300C is provided in the 
inverter circuit in FIG. 2A. 

0087. A first terminal of the circuit 300C is connected to 
the wiring 14. A second terminal of the circuit 300C is 
connected to the first terminal of the circuit 300A and the 
first electrode of the capacitor 204. 
0088. The circuit 300C has functions similar to those of 
the circuit 300A. 

I0089. In the inverter circuit in FIG. 3A, signals output 
from the second terminal of the circuit 300A and the second 
terminal of the circuit 300C remain at high level for a 
predetermined period after the signal IN changes from high 
level to low level. In other words, the transistor 203 is kept 
on and the potential VSS continues to be supplied to the 
node N1 for a predetermined period after the signal IN 
changes from high level to low level. In addition, a signal 
input to the first electrode of the capacitor 204 remains at 
high level for a predetermined period. 
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0090. After that, even after the signal output from the 
second terminal of the circuit 300C changes from high level 
to low level, the signal output from the circuit 300A remains 
at high level for a predetermined period. In other words, the 
transistor 203 is kept on and the potential VSS continues to 
be supplied to the node N1 for a predetermined period after 
the signal output from the second terminal of the circuit 
300C changes from high level to low level. 
0091 Thus, the inverter circuit in FIG. 3A can operate in 
a manner similar to that of the inverter circuit in FIG. 2B, 
and therefore can obtain advantageous effects similar to 
those of the inverter circuit in FIG. 2B. 

0092. Since the circuits 300A and 300C are connected in 
series in the inverter circuit illustrated in FIG. 3A, the signal 
output from the second terminal of the circuit 300A is 
delayed and/or distorted largely compared to the signal 
output from the second terminal of the circuit 300C. Con 
sequently, the size of the circuit 300A or the size of elements 
included in the circuit 300A can be reduced. 

0093. The inverter circuit illustrated in FIG. 3B has a 
configuration in which the gate of the transistor 102 is 
connected to the gate of the transistor 203 of the inverter 
circuit in FIG. 2A. 

0094. In the inverter circuit in FIG. 3B, the timing of 
turning on the transistor 102 can be delayed compared to the 
case where the gate of the transistor 102 is connected to the 
wiring 14 without the circuit 300A. As a result, the time 
during which both the transistors 101 and 102 are on can be 
shortened. In other words, the through current flowing 
between the wirings 11 and 13 can be suppressed. Thus, 
power consumption can be reduced. 
0095. Note that as in the inverter circuit in FIG. 3B, the 
gate of the transistor 102 may be connected to the gate of the 
transistor 203 in the inverter circuits illustrated in FIGS. 2B 
and 3A. 

0096 Specific examples of configurations of the circuits 
300A to 300C will be described with reference to FIGS 4A 
to 4F. FIGS 4A to 4F each illustrate a circuit 300 that can 
be used as the circuits 300A to 300C. 

0097. The circuit 300 illustrated in FIG. 4A includes a 
resistor 301. 

0098. One terminal of the resistor 301 is connected to a 
first terminal of the circuit 300, and the other terminal of the 
resistor 301 is connected to a second terminal of the circuit 
3OO. 

0099. The circuit 300 illustrated in FIG. 4B has a con 
figuration in which a capacitor 302 is provided in the circuit 
300 in FIG. 4A. 

0100. A first electrode of the capacitor 302 is connected 
to the wiring 13, and a second electrode of the capacitor 302 
is connected to the second terminal of the circuit 300. 

0101. Note that the first electrode of the capacitor 302 
may be connected to the wiring 11, the wiring 14, or the like. 
0102) Note that the second electrode of the capacitor 302 
may be connected to the first terminal of the circuit 300. 
(0103. The circuit 300 illustrated in FIG. 4C includes a 
transistor 303. 

0104. A first terminal of the transistor 303 is connected to 
the first terminal of the circuit 300. A second terminal of the 
transistor 303 is connected to the second terminal of the 
circuit 300. A gate of the transistor 303 is connected to the 
wiring 11. 
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0105. The circuit 300 illustrated in FIG. 4D has a con 
figuration in which a transistor 304 is provided in the circuit 
300 in FIG. 4C. 
0106. A first terminal of the transistor 304 is connected to 
the first terminal of the circuit 300. A second terminal of the 
transistor 304 is connected to the second terminal of the 
circuit 300. A gate of the transistor 304 is connected to the 
first terminal of the circuit 300. 
0107. In the circuit 300 in FIG. 4D, the transistor 303 is 
turned on and the transistor 304 is turned off when a signal 
input to the first terminal is at low level. On the other hand, 
when the signal input to the first terminal is at high level. 
both the transistors 303 and 304 are turned on. 
0108. Thus, when the signal input to the first terminal is 
at low level, the circuit 300 in FIG. 4D can delay the inputted 
signal and output the resulting signal from the second 
terminal. On the other hand, when the signal input to the first 
terminal is at high level, the circuit 300 in FIG. 4D can 
output the signal from the second terminal with negligible 
signal delay. 
0109) Note that the transistor 304 may be provided in the 
circuit 300 illustrated in FIGS. 4A and 4B. 
0110. The circuit 300 illustrated in FIG. 4E has a con 
figuration in which a transistor 305 is provided in the circuit 
300 in FIG. 4C. 
0111. A first terminal of the transistor 305 is connected to 
the wiring 11. A second terminal of the transistor 305 is 
connected to the second terminal of the circuit 300. A gate 
of the transistor 305 is connected to the first terminal of the 
circuit 300. 
0112. In the circuit 300 in FIG. 4E, the transistor 303 is 
turned on and the transistor 305 is turned off when a signal 
input to the first terminal is at low level. On the other hand, 
when the signal input to the first terminal is at high level. 
both the transistors 303 and 305 are turned on. 
0113. Thus, the circuit 300 in FIG. 4E can have advan 
tageous effects similar to those of the circuit 300 in FIG. 4D. 
0114. Note that the transistor 305 may be provided in the 
circuit 300 illustrated in FIGS. 4A, 4B, and the like. 
0115 The circuit 300 illustrated in FIG. 4F has a con 
figuration in which a transistor 306 and a transistor 307 are 
provided in the circuit 300 in FIG. 4C. 
0116. A first terminal of the transistor 306 is connected to 
the wiring 11. A second terminal of the transistor 306 is 
connected to the second terminal of the circuit 300. A first 
terminal of the transistor 307 is connected to the first 
terminal of the circuit 300. A second terminal of the tran 
sistor 307 is connected to a gate of the transistor 306. A gate 
of the transistor 307 is connected to the wiring 11. 
0117. In the circuit 300 in FIG. 4F, the transistor 303 is 
turned on and the transistor 306 is turned off when a signal 
input to the first terminal is at low level. On the other hand, 
when the signal input to the first terminal is at high level. 
both the transistors 303 and 306 are turned on. Note that 
when the signal input to the first terminal is at high level, the 
potential of the gate of the transistor 306 is made higher than 
the potential VDD by bootstrap operation. 
0118 Consequently, in the circuit 300 in FIG. 4F, which 
has advantageous effects similar to those of the circuit 300 
in FIG. 4D, a high-level potential of a signal output from the 
second terminal can be the potential VDD. Further, in the 
circuit 300 in FIG. 4F, signal delay caused when the signal 
input to the first terminal is at high level can be smaller than 
that in the circuit 300 in FIG. 4D. 
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0119. When the circuit 300 in FIG. 4F is used in the 
inverter circuit in FIG. 2A, the first electrode of the capacitor 
204 may be connected to the gate of the transistor 306. Since 
the difference between the highest potential and the lowest 
potential of the gate of the transistor 306 is larger than the 
amplitude voltage of the signal IN, the potential of the node 
N2 can be further lowered. 
0120 Note that the transistors 306 and 307 may be 
provided in the circuit 300 illustrated in FIGS. 4A, 4B, and 
the like. 
0121. It is preferable that the conductivity type of the 

transistors included in the circuit 300 (e.g., the transistors 
304 to 307) be the same as that of the transistor 101. 
0.122 Note that the circuits 300A to 300C do not neces 
sarily have the same configuration, and each of them can 
have any of the configurations illustrated in FIGS. 4A to 4F 
as appropriate. 
0123 FIG. 5A illustrates an example of the configuration 
of the inverter circuit in which the circuit 300 illustrated in 
FIG. 4D is used as the circuit 300A in the inverter circuit of 
FIG. 2A 
0.124 FIG. 5B illustrates an example of the configuration 
of the inverter circuit in which the circuit 300 illustrated in 
FIG. 4F is used as the circuit 300A in the inverter circuit of 
FIG. 2A 
0.125. The inverter circuit illustrated in FIG. 6A has a 
configuration in which a transistor 205 is provided in the 
inverter circuit in FIG. 1A. 
0126. A first terminal of the transistor 205 is connected to 
the second terminal of the transistor 203. A second terminal 
of the transistor 205 is connected to the gate of the transistor 
101 and the gate of the transistor 201. A gate of the transistor 
205 is connected to the wiring 11. 
0127. The transistor 205 has a function of controlling 
electrical continuity between the second terminal of the 
transistor 203 and the gates of the transistors 101 and 201. 
0128. In the inverter circuit illustrated in FIG. 6A, in a 
period during which the signal IN at low level, the transistor 
205 is turned off when the potential of the second terminal 
of the transistor 203 increases to a potential obtained by 
subtracting the threshold voltage of the transistor 205 from 
the potential of the gate of the transistor 205 (the potential 
VDD). Thus, the potential of the second terminal of the 
transistor 203 can be lowered, so that deterioration and/or 
breakdown of the transistor 203 can be prevented. 
0129. As in the inverter circuit in FIG. 6A, the transistor 
205 may be provided in the inverter circuits illustrated in 
FIGS. 2A and 2B, FIGS. 3A and 3B, and FIGS.5A and 5B. 
0130. The inverter circuit illustrated in FIG. 6B has a 
configuration in which each of the wirings 11 and 13 in the 
inverter circuit in FIG. 1A is divided into a plurality of 
wirings. 
0131 The wiring 11 is divided into a wiring 11A and a 
wiring 11B. The first terminal of the transistor 101 is 
connected to the wiring 11A. The first terminal of the 
transistor 201 is connected to the wiring 11B. The wiring 13 
is divided into a wiring 13A, a wiring 13B, and a wiring 
13C. The first terminal of the transistor 102 is connected to 
the wiring 13A. The first terminal of the transistor 202 is 
connected to the wiring 13B. The first terminal of the 
transistor 203 is connected to the wiring 13C. 
(0132) The inverter circuit illustrated in FIG. 6B can 
operate in a manner similar to that in FIG. 1A when the 
potential VDD is supplied to the wirings 11A and 11B and 

Feb. 23, 2017 

the potential VSS is supplied to the wirings 13A to 13C. 
Note that different potentials may be supplied to the wirings 
11A and 11B and that different potentials may be supplied to 
the wirings 13A to 13C. 
I0133. Note that only one of the wirings 11 and 13 may be 
divided into a plurality of wirings. 
I0134. When the wiring 13 is divided into a plurality of 
wirings, it is possible that the wiring 13C is omitted and the 
first terminal of the transistor 203 is connected to the wiring 
13A or the wiring 13B. Alternatively, it is possible that the 
wiring 13A is omitted and the first terminal of the transistor 
102 is connected to the wiring 13B or the wiring 13C. 
I0135. As in the inverter circuit in FIG. 6B, the wiring 11 
and/or the wiring 13 may be divided into a plurality of 
wirings in the inverter circuits illustrated in FIGS. 2A and 
2B, FIGS. 3A and 3B, FIGS. 5A and 5B, and FIG. 6A. 
0.136 Although not illustrated, the inverter circuit illus 
trated in any of FIG. 1A, FIGS. 2A and 2B, FIGS. 3A and 
3B, FIGS.5A and 5B, and FIGS. 6A and 6B may include a 
capacitor having a first electrode connected to the second 
terminal of the transistor 101 and a second electrode con 
nected to the gate of the transistor 101. 
0.137 Although not illustrated, the inverter circuit illus 
trated in any of FIG. 1A, FIGS. 2A and 2B, FIGS. 3A and 
3B, FIGS.5A and 5B, and FIGS. 6A and 6B may include a 
capacitor having a first electrode connected to the second 
terminal of the transistor 201 and a second electrode con 
nected to the gate of the transistor 201. 
I0138 Note that a load driven by the transistor 101 (e.g., 
a load connected to the wiring 12) is larger than a load driven 
by the transistors 201 to 203 (e.g., a load connected to the 
node N1 or the node N2). The rise time of the signal OUT 
can be shortened as WL of the transistor 101 increases. 
Thus, W/L of the transistor 101 is preferably higher than that 
of the transistors 201 to 203. 
0.139 Similarly, a load driven by the transistor 102 (e.g., 
a load connected to the wiring 12) is larger than a load driven 
by the transistors 201 to 203. The fall time of the signal OUT 
can be shortened as WL of the transistor 102 increases. 
Thus, W/L of the transistor 102 is preferably higher than that 
of the transistors 201 to 203. 
0140. Note also that Vgs of the transistor 101 at which the 
transistor 101 is turned on is often lower than Vgs of the 
transistor 102 at which the transistor 102 is turned on. 
Therefore, W/L of the transistor 101 is preferably higher 
than that of the transistor 102. That is, the transistor 101 
preferably has the highest W/L among the transistors 
included in the inverter circuit of this embodiment. 
0.141. The inverter circuit in this embodiment operates 
normally when the low-level potential of the signal IN is low 
enough to turn off the transistors 102, 202, and 203. For that 
reason, the low-level potential of the signal IN may be lower 
than the potential VSS, in which case Vgs of the transistors 
201 to 203 at which the transistors 201 to 203 are turned off 
can be negative voltage. As a result, the inverter circuit can 
operate normally even if the transistors 201 to 203 are 
normally-on transistors or if the drain current of the tran 
sistors 201 to 203 at the time when the potential difference 
between their gates and sources is 0 V is high. 
0142. The inverter circuit in this embodiment operates 
normally when the high-level potential of the signal IN is 
high enough to turn on the transistors 102, 202, and 203. For 
that reason, the high-level potential of the signal IN may be 
lower than the potential VDD, in which case the voltage for 
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driving a circuit that outputs signals to the wiring 14 can be 
lowered. In addition, in the inverter circuit of this embodi 
ment, the high-level potential of the signal OUT can be the 
potential VDD even if the high-level potential of the signal 
IN is lower than the potential VDD. 
0143. The signal IN is not limited to a digital signal as 
long as it has a potential for turning off the transistors 102. 
202, and 203 and a potential for turning on the transistors 
102, 202, and 203. For example, the signal IN may have 
three or more potentials or may be an analog signal. 
0144. When a signal Such as a clock signal is input to the 
wiring 11, the signal of the wiring 11 can be output to the 
wiring 12 in the case where the signal IN is at low level. 
Specifically, in the case where the wiring 11 is divided into 
the wirings 11A and 11B as in the inverter circuit illustrated 
in FIG. 6B, it is preferable that a signal Such as a clock signal 
be input to the wiring 11A and the potential VDD be 
supplied to the wiring 11B. Thus, the potential of the node 
N1 can be set high, so that the transistor 101 is likely to be 
turned on. Consequently, the signal of the wiring 11A can be 
output to the wiring 12 in a stable manner. 
0145 The inverter circuit in this embodiment operates 
normally when the wiring 13 is supplied with a low-level 
signal in a period during which the transistors 102, 202, and 
203 are on (e.g., a period during which the signal IN is at 
high level). When the wiring 13 is supplied with a high-level 
signal in all or part of a period during which the transistors 
102, 202, and 203 are off (e.g., a period during which the 
signal IN is at low level), a reverse bias can be applied to the 
transistors 102, 202, and 203. Thus, deterioration of the 
transistors 102, 202, and 203 can be suppressed. 
0146 Here, a semiconductor device having the following 
configuration is one embodiment of the present invention. 
0147 One embodiment of the present invention is a 
semiconductor device including the transistor 101, the tran 
sistor 201, and the capacitor 204. The first terminal of the 
transistor 101 is connected to the wiring 11. The second 
terminal of the transistor 101 is connected to the wiring 12. 
The first terminal of the transistor 201 is connected to the 
wiring 11. The gate of the transistor 201 is connected to the 
gate of the transistor 101. The first electrode of the capacitor 
204 is connected to the wiring 14. The second electrode of 
the capacitor 204 is connected to the second terminal of the 
transistor 201 (see FIG. 16A). 
0148. In the above embodiment of the present invention, 
the potential of the second terminal of the transistor 201 falls 
along with the decrease in the potential of the wiring 14. By 
the decrease in the potential of the second terminal of the 
transistor 201, the transistor 201 is turned on and the 
potential of the wiring 11 is supplied to the second terminal 
of the transistor 201, resulting in the increase in the potential 
of the second terminal of the transistor 201 (see FIG. 16B). 
Moreover, the potential of the gate of the transistor 201 rises 
along with the increase in the potential of the second 
terminal of the transistor 201. By the increase in the poten 
tial of the gate of the transistor 201, the transistor 101 is 
turned on and the potential of the wiring 11 is supplied to the 
wiring 12, so that the potential of the wiring 12 rises (see 
FIG. 16C). 
0149. This embodiment can be implemented in combi 
nation with any other embodiment as appropriate. 
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Embodiment 2 

0150. In Embodiment 2, a shift register circuit (also 
referred to as “semiconductor device' or “driver circuit’) 
according to one embodiment of the present invention will 
be described. 

0151. A shift register circuit in this embodiment includes 
a plurality of flip-flop circuits (also referred to as “semicon 
ductor devices” or “driver circuits'). First, a flip-flop circuit 
will be described, and then a shift register circuit including 
the flip-flop circuit will be described. 
0152. A flip-flop circuit included in the shift register 
circuit of this embodiment will be described with reference 
to FIG 7A. 

0153. The flip-flop circuit in FIG. 7A includes a transistor 
401, a transistor 402, a transistor 403, a transistor 404, a 
transistor 405, and a circuit 500. A first terminal of the 
transistor 401 is connected to a wiring 21. A second terminal 
of the transistor 401 is connected to a wiring 22. A first 
terminal of the transistor 402 is connected to the wiring 13. 
A second terminal of the transistor 402 is connected to the 
wiring 22. A first terminal of the transistor 403 is connected 
to the wiring 13. A second terminal of the transistor 403 is 
connected to a gate of the transistor 401. A first terminal of 
the transistor 404 is connected to a wiring 23. A second 
terminal of the transistor 404 is connected to the gate of the 
transistor 401. A gate of the transistor 404 is connected to the 
wiring 23. A first terminal of the transistor 405 is connected 
to the wiring 13. A second terminal of the transistor 405 is 
connected to the gate of the transistor 401. A gate of the 
transistor 405 is connected to a wiring 24. A first terminal 
(also referred to as “input terminal) of the circuit 500 is 
connected to the gate of the transistor 401. A second terminal 
(also referred to as “output terminal) of the circuit 500 is 
connected to a gate of the transistor 402 and a gate of the 
transistor 403. 
0154 The circuit 500 can be the inverter circuit described 
in Embodiment 1. The first terminal of the circuit 500 
corresponds to the wiring 14 in the inverter circuit of 
Embodiment 1, and the second terminal of the circuit 500 
corresponds to the wiring 12 in the inverter circuit of 
Embodiment 1. 

0.155. Note that a node N3 denotes a point where the gate 
of the transistor 401, the second terminal of the transistor 
403, the second terminal of the transistor 404, the second 
terminal of the transistor 405, and the first terminal of the 
circuit 500 are connected to each other. In addition, a node 
N4 denotes a point where the gate of the transistor 402, the 
gate of the transistor 403, and the second terminal of the 
circuit 500 are connected to each other. 

0156 Note that the transistors included in the flip-flop 
circuit in this embodiment preferably have the same con 
ductivity type. For example, in the flip-flop circuit illustrated 
in FIG. 7A, the transistors 401 to 405 and the transistors 
included in the circuit 500 preferably have the same con 
ductivity type. 
0157. The wiring 21 (also referred to as “signal line') is 
Supplied with a signal CK and has a function of transmitting 
the signal CK. The signal CK is a clock signal that oscillates 
between a high and a low state. 
0158. The wiring 22 (also referred to as “signal line') 
outputs a signal SOUT and has a function of transmitting the 
signal SOUT. The signal SOUT is an output signal of the 
flip-flop circuit illustrated in FIG. 7A. 
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0159. The wiring 23 (also referred to as “signal line') is 
Supplied with a signal SP and has a function of transmitting 
the signal SP. The signal SP is an input signal of the flip-flop 
circuit illustrated in FIG. 7A. 
0160 The wiring 24 (also referred to as “signal line') is 
Supplied with a signal RE and has a function of transmitting 
the signal RE. The signal RE is an input signal of the 
flip-flop circuit illustrated in FIG. 7A. 
0161 Without limitation to the above signals or poten 

tials, various other signals and potentials can be input to the 
wirings 21, 23, and 24. 
0162 The transistor 401 has a function of controlling 
electrical continuity between the wiring 21 and the wiring 
22, a function of Supplying the signal CK of the wiring 21 
to the wiring 22, and a function of holding a potential 
difference between the wiring 22 and the node N3. 
0163 The transistor 402 has a function of controlling 
electrical continuity between the wiring 13 and the wiring 
22, and a function of supplying the potential VSS of the 
wiring 13 to the wiring 22. 
0164. The transistor 403 has a function of controlling 
electrical continuity between the wiring 13 and the node N3. 
and a function of supplying the potential VSS of the wiring 
13 to the node N3. 
0.165. The transistor 404 has a function of controlling 
electrical continuity between the wiring 23 and the node N3. 
and a function of supplying the signal SP of the wiring 23 
to the node N3. 
(0166 The transistor 405 has a function of controlling 
electrical continuity between the wiring 13 and the node N3. 
and a function of supplying the potential VSS to the node 
N3. 
0167 Next, an example of a method of driving the 
flip-flop circuit illustrated in FIG. 7A will be described with 
reference to FIG. 7B. FIG. 7B is an example of a timing 
chart illustrating the method of driving the flip-flop circuit in 
FIG. 7A. 
0168 The following description is made assuming that 
the signal CK, the signal SP, and the signal RE are digital 
signals each having a high-level potential equal to the 
potential VDD and a low-level potential equal to the poten 
tial VSS. The operations of the flip-flop circuit in periods Ta, 
Tb, Tc, and Ta are separately described. 
0169. In the period Ta, the signal SP is set at high level, 
the signal RE is set at low level, and the signal CK is set at 
low level. Thus, the transistor 404 is turned on and the 
transistor 405 is turned off. 
0170 When the transistor 404 is turned on, the signal SP 
of the wiring 23 is supplied to the node N3. Since the signal 
SP is at high level, the potential of the node N3 rises. When 
the potential of the node N3 increases, the output signal of 
the circuit 500 becomes low. Thus, the transistors 402 and 
403 are turned off. Further, the transistor 401 is turned on by 
the increase in the potential of the node N3. 
0171 When the transistor 401 is turned on, the signal CK 
of the wiring 21 is Supplied to the wiring 22. Since the signal 
CK is at low level, the potential of the wiring 22 becomes 
the potential VSS. That is, the signal SOUT exists in low 
level. 
0172. The transistor 404 is turned off when the potential 
of the node N3 increases to a potential obtained by subtract 
ing the threshold voltage of the transistor 404 from the gate 
potential of the transistor 404 (the potential VDD). Thus, the 
node N3 is brought into a floating state. 
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(0173 Then, in the period Tb, the signal SP is set at low 
level, the signal RE is kept at low level, and the signal CK 
is set at high level. Thus, the transistors 404 and 405 are kept 
off, and the output signal of the circuit 500 remains at low 
level. Consequently, the transistors 402 and 403 are kept off. 
0.174 Since the transistors 403 to 405 remain off, the 
node N3 is kept in a floating state. As a result, the potential 
of the node N3 is kept high, so that the transistor 401 is kept 
O 

0.175 Since the transistor 401 remains on, the signal CK 
of the wiring 21 continues to be supplied to the wiring 22. 
The potential of the wiring 22 starts to rise because the 
signal CK is at high level. At this time, the potential 
difference between the node N3 and the wiring 22 in the 
period Ta is held between the gate and second terminal of the 
transistor 401. Thus, the potential of the node N3 rises along 
with the increase in the potential of the wiring 22. As a 
result, the potential of the wiring 22 increases to the poten 
tial VDD, which is equal to the high-level potential of the 
signal CK. That is, the signal SOUT becomes high. 
0176 Then, in the period Tc, the signal SP remains at low 
level, the signal RE is set at high level, and the signal CK is 
set at low level. Thus, the transistor 404 is kept off and the 
transistor 405 is turned on. 
(0177. When the transistor 405 is turned on, the potential 
VSS of the wiring 13 is supplied to the node N3. Thus, the 
potential of the node N3 decreases to the potential VSS, so 
that the transistor 401 is turned off. Moreover, the output 
signal of the circuit 500 becomes high, and the transistors 
402 and 403 are turned on. 

0.178 When the transistor 402 is turned on, the potential 
VSS of the wiring 13 is supplied to the wiring 22. Thus, the 
potential of the wiring 22 decreases to the potential VSS. 
That is, the signal SOUT is changed to low level. 
0179 Then, in the period Tod, the signal SP remains at low 
level, the signal RE is set at low level, and the signal CK 
oscillates between high and low levels. Thus, the transistor 
404 is kept off and the transistor 405 is turned off, and the 
output signal of the circuit 500 remains at high level. 
Consequently, the transistors 402 and 403 are kept on. 
0180. The potential VSS of the wiring 13 continues to be 
supplied to the node N3 while the transistor 403 is kept on. 
Thus, the potential of the node N3 remains at the potential 
VSS, so that the transistor 401 is kept off. 
0181. The potential VSS of the wiring 13 continues to be 
supplied to the wiring 22 while the transistor 402 is kept on. 
Thus, the potential of the wiring 22 remains at the potential 
VSS. That is, the signal SOUT remains at low level. 
0182. As described above, by including the inverter cir 
cuit described in Embodiment 1, the flip-flop circuit illus 
trated in FIG. 7A can obtain advantageous effects similar to 
those of the inverter circuit in Embodiment 1. 

0183) Next, flip-flop circuits different from the one in 
FIG. 7A will be described with reference to FIGS. 8A and 
8B and FIGS. 9A and 9B. Note that a description of 
differences from FIG. 7A will be given below. 
0.184 The flip-flop circuit illustrated in FIG. 8A has a 
configuration in which a transistor 406 is provided in the 
flip-flop circuit in FIG. 7A. 
0185. A first terminal of the transistor 406 is connected to 
the wiring 13. A second terminal of the transistor 406 is 
connected to the wiring 22. A gate of the transistor 406 is 
connected to a wiring 25. 
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0186 The wiring 25 (also referred to as “signal line') is 
Supplied with a signal CKB and has a function of transmit 
ting the signal CKB. The signal CKB is a signal whose phase 
is inverted with respect to the signal CK or a signal that is 
out of phase with the signal CK. 
0187. The transistor 406 has a function of controlling 
electrical continuity between the wiring 13 and the wiring 
22, and a function of supplying the potential VSS of the 
wiring 13 to the wiring 22. 
0188 In the flip-flop circuit in FIG. 8A, in the period Ta, 
the transistor 406 is turned on every time the signal CKB is 
set at high level. Accordingly, in the period Ta, the potential 
VSS of the wiring 13 is supplied to the wiring 22 every time 
the signal CKB is set at high level. 
0189 Specifically, in the case where the signal CKB is 
the inversion signal of the signal CK, the signal CKB is set 
at high level and the transistor 406 is turned on in the period 
Ta and the period Tc. Thus, the potential VSS of the wiring 
13 is supplied to the wiring 22 through both the transistors 
402 and 406 in the period Tc, so that the fall time of the 
signal SOUT can be shortened. 
0190. In the case where the flip-flop circuit includes the 
transistor 406, the potential of the wiring 22 can be kept at 
the potential VSS in the period Tod. For that reason, the 
transistor 402 may be omitted, in which case the number of 
transistors and the layout area can be reduced. 
(0191). The flip-flop circuit illustrated in FIG. 8B has a 
configuration in which a transistor 407 is provided in the 
flip-flop circuit in FIG. 7A. 
0192 A first terminal of the transistor 407 is connected to 
the wiring 13. A second terminal of the transistor 407 is 
connected to the wiring 22. A gate of the transistor 407 is 
connected to the wiring 24. 
0193 The transistor 407 has a function of controlling 
electrical continuity between the wiring 13 and the wiring 
22, and a function of supplying the potential VSS of the 
wiring 13 to the wiring 22. 
(0194 In the flip-flop circuit illustrated in FIG. 8B, the 
transistor 407 is off in the period Ta, the period Tb, and the 
period Tcl and is on in the period Tc. When the transistor 407 
is turned on in the period Tc, the potential VSS of the wiring 
13 is supplied to the wiring 22. 
(0195 Thus, the potential VSS of the wiring 13 is supplied 
to the wiring 22 through both the transistors 402 and 407 in 
the period Tc, so that the fall time of the signal SOUT can 
be shortened. 
(0196. As in the flip-flop circuit in FIG. 8B, the transistor 
407 may be provided in the flip-flop circuit in FIG. 8A. 
(0197) The flip-flop circuit illustrated in FIG. 9A has a 
configuration in which a transistor 408 is provided in the 
flip-flop circuit in FIG. 7A. 
0198 A first terminal of the transistor 408 is connected to 
the wiring 11. A second terminal of the transistor 408 is 
connected to the node N4. A gate of the transistor 408 is 
connected to the wiring 24. 
0199 The transistor 408 has a function of controlling 
electrical continuity between the wiring 11 and the node N4, 
and a function of supplying the potential VDD of the wiring 
11 to the node N4. 
(0200. In the flip-flop circuit illustrated in FIG. 9A, the 
transistor 408 is off in the period Ta, the period Tb, and the 
period Tcl and is on in the period Tc. When the transistor 408 
is turned on in the period Tc, the potential VDD of the wiring 
11 is supplied to the node N4. 
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0201 Consequently, the time required for the potential of 
the node N4 to reach a predetermined value can be short 
ened, so that the timing of turning on the transistors 402 and 
403 can be advanced. As a result, the timing of Supplying the 
potential VSS of the wiring 13 to the wiring 22 is also 
advanced, so that the fall time of the signal SOUT can be 
shortened. 
0202 As in the flip-flop circuit in FIG.9A, the transistor 
408 may be provided in the flip-flop circuits in FIGS. 8A and 
8B. 
0203. In the case where the flip-flop circuit includes the 
transistor 408, the transistors 402 and 403 are on in the 
period Tc. For that reason, the transistor 405 may be omitted, 
in which case the number of transistors and the layout area 
can be reduced. 
0204. Note that the transistor 408 may be used in the 
flip-flop circuit illustrated in FIG. 8A and its first terminal 
may be connected to the wiring 25. Even when the first 
terminal of the transistor 408 is connected to the wiring 25, 
the signal CKB of the wiring 25 is at high level in the period 
Tc to allow the transistor 408 to be turned on; therefore, the 
flip-flop circuit can operate in the above-described manner. 
(0205 The flip-flop circuit illustrated in FIG. 9B has a 
configuration in which a transistor 409 is provided in the 
flip-flop circuit in FIG. 7A. 
0206. A first terminal of the transistor 409 is connected to 
the wiring 21. A second terminal of the transistor 409 is 
connected to a wiring 26. A gate of the transistor 409 is 
connected to the node N3. 
0207. In the flip-flop circuit illustrated in FIG. 9B, a 
signal SOUTa denotes a signal output from the wiring 22 
and a signal SOUTb denotes a signal output from the wiring 
26. The signal SOUTb is also an output signal of the flip-flop 
circuit. The wiring 26 (also referred to as “signal line') has 
a function of transmitting the signal SOUTb. 
0208. The transistor 409 has functions similar to those of 
the transistor 401, and for example, has a function of 
controlling electrical continuity between the wiring 21 and 
the wiring 26. 
(0209. The flip-flop circuit in FIG. 9B can generate the 
signal SOUTb, which is similar to the signal SOUTa. 
Accordingly, for example, the signal SOUTa can be used to 
drive a load connected to the wiring 22 and the signal 
SOUTb can be used to drive a flip-flop circuit in a different 
stage connected to the wiring 26. 
0210. As in the flip-flop circuit in FIG.9B, the transistor 
409 may be provided in the flip-flop circuits in FIGS. 8A and 
8B and FIG. 9A. 
0211 Although not illustrated, in the flip-flop circuit such 
as the ones illustrated in FIG. 7A, FIGS. 8A and 8B, and 
FIGS. 9A and 9B, the first terminal of the transistor 404 may 
be connected to the wiring 11 or the wiring 25. In that case, 
the node N3 is supplied with the potential or the signal of the 
wiring 11 or the wiring 25 in the period Ta, so that the load 
of a circuit that supplies the signal SP to the wiring 23 can 
be decreased. 
0212. Although not illustrated, the flip-flop circuit such 
as the ones illustrated in FIG. 7A, FIGS. 8A and 8B, and 
FIGS. 9A and 9B may include a capacitor having one 
electrode connected to the wiring 22 and the other electrode 
connected to the node N3. Providing the capacitor in the 
flip-flop circuit can increase the capacitance between the 
gate and second terminal of the transistor 401, so that 
bootstrap operation can be easily performed. 
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0213 Although not shown, the flip-flop circuit such as 
the ones illustrated in FIG. 7A, FIGS. 8A and 8B, and FIGS. 
9A and 9B may include a transistor having a first terminal 
connected to the wiring 22, a second terminal connected to 
the node N3, and a gate connected to the wiring 21. 
Accordingly, the potential VSS of the node N3 can be 
supplied to the wiring 22 or the potential of the wiring 22 can 
be supplied to the node N3 in a period during which the 
signal CK is at high level within the period Tcl. Conse 
quently, one of the transistors 402 and 403 may be omitted, 
in which case the load of the circuit 500 is decreased and as 
a result, W/L of the transistors included in the circuit 500 can 
be reduced. 
0214. Although not illustrated, the flip-flop circuit such 
as the ones illustrated in FIG. 7A, FIGS. 8A and 8B, and 
FIGS. 9A and 9B may include a transistor having a first 
terminal connected to the wiring 23, a second terminal 
connected to the node N3, and a gate connected to the wiring 
25. In that case, the potential of the node N3 can be rapidly 
increased in the period Ta. 
0215. Although not shown, in the flip-flop circuit such as 
the ones illustrated in FIG. 7A, FIGS. 8A and 8B, and FIGS. 
9A and 9B, it is possible that a transistor is additionally 
provided so that its first electrode is connected to the second 
terminal of the transistor 404, its second terminal is con 
nected to the gate of the transistor 401, and its gate is 
connected to the wiring 11 or the wiring 25, while the second 
terminal of the transistor 404 is not connected to the gate of 
the transistor 401. Accordingly, Voltage applied to the tran 
sistor 404 and the transistor connected to the second termi 
nal of the transistor 404 can be lowered, whereby deterio 
ration, breakdown, or the like of the transistors can be 
prevented. Note that the first terminal of the circuit 500 is 
connected to the second terminal of the transistor 404 or the 
gate of the transistor 401, and the second terminal of the 
transistor 405 is connected to the second terminal of the 
transistor 404 or the gate of the transistor 401. 
0216 Although not shown, the flip-flop circuit illustrated 
in FIG.9B or the like may include a transistor having a first 
terminal connected to the wiring 13, a second terminal 
connected to the wiring 26, and a gate connected to the node 
N4, the wiring 24, or the wiring 25. In that case, the potential 
VSS of the wiring 13 can be supplied to the wiring 26, which 
makes it easier to maintain the potential of the wiring 26 at 
the potential VSS. 
0217 Next, specific examples of flip-flop circuits in 
which the inverter circuit in Embodiment 1 is used as the 
circuit 500 will be described. 
0218. A flip-flop circuit illustrated in FIG. 10A has a 
configuration in which the inverter circuit in FIG. 1A is used 
as the circuit 500 of the flip-flop circuit in FIG. 7A. 
0219. A flip-flop circuit illustrated in FIG. 10B has a 
configuration in which the first terminals of the transistors 
101 and 201 are connected to the wiring 21 in the flip-flop 
circuit in FIG. 10A. 
0220. In the flip-flop circuit illustrated in FIG. 10B, the 
potential VSS of the wiring 13 is supplied to the node N4 in 
the period Ta and the period Tb, and the signal CK of the 
wiring 21 is supplied to the node N4 in the period Tc and the 
period Tod. In the period Ta, the supply of the signal CK of 
the wiring 21 to the node N4 makes the potential of the node 
N4 switch repeatedly between the potential VDD and the 
potential VSS, whereby the transistors 402 and 403 are 
repeatedly turned on and off. In other words, in the period 
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Td, the potential VSS of the wiring 13 is supplied to the 
wiring 22 at fixed intervals, and the time during which the 
transistors 402 and 403 are on is shortened. Thus, the 
potential of the wiring 22 can be maintained at the potential 
VSS, and deterioration of the transistors 402 and 403 can be 
Suppressed. 
0221. In the case where any of the inverter circuits 
described in Embodiment 1 is used as the circuit 500 in the 
flip flop circuits such as the ones illustrated in FIGS. 8A and 
8B and FIGS. 9A and 9B, the first terminals of the transistors 
101 and 201 may be connected to the wiring 21 as in the 
flip-flop circuit in FIG. 10B. 
0222 Next, the shift register circuit in this embodiment 
will be described with reference to FIG. 11. 

0223. The shift register circuit illustrated in FIG. 11 
includes N flip-flop circuits 600 (N is a natural number). 
Note that FIG. 11 only illustrates the flip-flop circuits 600 in 
first to third stages (flip-flop circuits 600 1, 600 2, and 
600 3). 
0224. In the shift register circuit in FIG. 11, the flip-flop 
circuit illustrated in FIG. 7A is used as the flip-flop circuit 
600; however, the flip-flop circuit 600 is not limited to the 
flip-flop circuit in FIG. 7A. 
0225. The shift register circuit in FIG. 11 is connected to 
N wirings 31, a wiring 32, a wiring 33, and a wiring 34. The 
i-th stage flip-flop circuit 600 (i is one of 2 to N-1) is 
connected to the wirings 31 in the i-th stage, the (i-1)th 
stage, and the (i+1)th stage and one of the wirings 33 and 34. 
Further, in the i-th stage flip-flop circuit 600, the wiring 22 
is connected to the i-th stage wiring 31; the wiring 23 is 
connected to the (i-1)th stage wiring 31; the wiring 24 is 
connected to the (i+1)th stage wiring 31; and the wiring 21 
is connected to the wiring 33 or the wiring 34. 
0226. In the case where the wiring 21 is connected to the 
wiring 33 in the i-th stage flip-flop circuit 600, the wiring 21 
is connected to the wiring 34 in the (i-1)th stage and (i+1)th 
stage flip-flop circuits 600. 
0227. The connection relation in the first stage flip-flop 
circuit 600 is the same as that of the i-th stage flip-flop circuit 
600, except that the wiring 23 is connected to the wiring 32 
in the first stage flip-flop circuit 600 because there is no 
(i-1)th stage wiring 31 corresponding to the first stage 
flip-flop circuit 600. 
0228. The connection relation in the N-th stage flip-flop 
circuit 600 is the same as that of the i-th stage flip-flop circuit 
600, except that the wiring 24 is connected to the wiring 32 
in the N-th stage flip-flop circuit 600 because there is no 
(i+1)th stage wiring 31 for the N-th stage flip-flop circuit 
600. Note that in the N-th stage flip-flop circuit 600, the 
wiring 24 may be connected to the wiring 33, the wiring 34. 
or a wiring to which a signal corresponding to the signal RE 
is input. 
0229. Signals SOUT 1 to SOUT N are output from the 
respective N wirings 31 (also referred to as “signal lines”). 
The N wirings 31 have a function of transmitting the signals 
SOUT 1 to SOUT N. For example, the signal SOUT i is 
output from the i-th stage wiring 31, which has a function of 
transmitting the signal SOUT i. 
0230. The wiring 32 (also referred to as “signal line') is 
Supplied with a signal SSP and has a function of transmitting 
the signal SSP. The signal SSP is a start pulse of the shift 
register circuit in FIG. 11. 
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0231. The wiring 33 (also referred to as “signal line') is 
Supplied with the signal CK and has a function of transmit 
ting the signal CK. 
0232. The wiring 34 (also referred to as “signal line') is 
supplied with the signal CKB and has a function of trans 
mitting the signal CKB. 
0233. Without limitation to the above signals or poten 

tials, various other signals and potentials can be input to the 
wirings 32 to 34. 
0234. This embodiment can be implemented in combi 
nation with any other embodiment as appropriate. 

Embodiment 3 

0235. Using an EL display device as an example, cross 
sectional structures of a pixel and a driver circuit of a display 
device according to one embodiment of the present inven 
tion will be described with reference to FIG. 12. FIG. 12 
exemplifies cross-sectional structures of a pixel 840 and a 
driver circuit 841. 
0236. The pixel 840 includes a light-emitting element 
832 and a transistor 831 having a function of supplying 
current to the light-emitting element 832. In addition to the 
light-emitting element 832 and the transistor 831, the pixel 
840 may also include a variety of semiconductor elements 
Such as a transistor that controls input of an image signal to 
the pixel 840 and a capacitor that holds the potential of an 
image signal. 
0237. The driver circuit 841 includes a transistor 830 and 
a capacitor 833 for holding the gate voltage of the transistor 
830. The driver circuit 841 corresponds to the inverter 
circuit in Embodiment 1 or the flip-flop circuit or the shift 
register circuit in Embodiment 2, for example. Specifically, 
the transistor 830 corresponds to the transistor 101 in 
Embodiment 1 or the transistor 401 in Embodiment 2, for 
example. The driver circuit 841 may also include a variety 
of semiconductor elements such as a transistor and a capaci 
tor in addition to the transistor 830 and the capacitor 833. 
0238. The transistor 831 includes, over a substrate 800 
having an insulating Surface, a conductive film 816 func 
tioning as a gate, a gate insulating film 802 over the 
conductive film 816, a semiconductor film 817 that overlaps 
the conductive film 816 with the gate insulating film 802 
placed therebetween, and conductive films 815 and 818 that 
are positioned over the semiconductor film 817 and function 
as a source terminal and a drain terminal. The conductive 
film 816 also functions as a scan line. 

0239. The transistor 830 includes, over the substrate 800 
having an insulating Surface, a conductive film 812 func 
tioning as a gate, the gate insulating film 802 over the 
conductive film 812, a semiconductor film 813 that overlaps 
the conductive film 812 with the gate insulating film 802 
placed therebetween, and conductive films 814 and 819 that 
are positioned over the semiconductor film 813 and function 
as a source terminal and a drain terminal. 

0240. The capacitor 833 includes, over the substrate 800 
having an insulating Surface, the conductive film 812, the 
gate insulating film 802 over the conductive film 812, and 
the conductive film 819 that overlaps the conductive film 
812 with the gate insulating film 802 placed therebetween. 
0241 An insulating film 820 and an insulating film 821 
are stacked in this order over the conductive films 814, 815, 
818, and 819. A conductive film 822 functioning as an anode 
is formed over the insulating film 821. The conductive film 
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822 is connected to the conductive film 818 through a 
contact hole 823 formed in the insulating films 820 and 821. 
0242 An insulating film 824 having an opening where 
part of the conductive film 822 is exposed is provided over 
the insulating film 821. An EL layer 825 and a conductive 
film 826 functioning as a cathode are stacked in this order 
over the part of the conductive film 822 and the insulating 
film 824. A region where the conductive film 822, the EL 
layer 825, and the conductive film 826 overlap one another 
corresponds to the light-emitting element 832. 
0243 In one embodiment of the present invention, the 
transistors 830 and 831 may include a semiconductor film 
containing an amorphous, microcrystalline, polycrystalline, 
or single crystal semiconductor (e.g., silicon or germanium), 
or a semiconductor film containing a wide bandgap semi 
conductor Such as an oxide semiconductor. 
0244. When the semiconductor films of the transistors 
830 and 831 are fixated using an amorphous, microcrystal 
line, polycrystalline, or single crystal semiconductor (e.g., 
silicon or germanium), impurity regions functioning as 
Source and drain terminals are formed by addition of an 
impurity element imparting one conductivity to the semi 
conductor films. For example, an impurity region having 
n-type conductivity can be formed by addition of phospho 
rus or arsenic to the semiconductor film. Further, an impurity 
region having p-type conductivity can be formed by addition 
of boron, for instance, to the semiconductor film. 
0245. In the case where an oxide semiconductor is used 
for the semiconductor films of the transistors 830 and 831, 
impurity regions functioning as source and drain terminals 
may be formed by addition of a dopant to the semiconductor 
films. The dopant can be added by ion implantation. 
Examples of the dopant are a rare gas such as helium, argon, 
and Xenon; and a Group 15 element Such as nitrogen, 
phosphorus, arsenic, and antimony. For example, when 
nitrogen is used as the dopant, the concentration of nitrogen 
atoms in the impurity region preferably ranges from 5x10"/ 
cm to 1x10/cm. 
0246. As a silicon semiconductor, any of the following 
can be used, for example: amorphous silicon formed by 
sputtering or vapor phase growth such as plasma CVD. 
polycrystalline silicon obtained in Such a manner that amor 
phous silicon is crystallized by laser annealing or the like, 
and single crystal silicon obtained in Such a manner that a 
Surface portion of a single crystal silicon wafer is separated 
after implantation of hydrogen ions or the like into the 
silicon wafer. 

0247 The oxide semiconductor film includes at least one 
element selected from In, Ga, Sn, and Zn. Examples of the 
oxide semiconductor are an oxide of four metal elements, 
Such as an In-Sn—Ga-Zn-O-based oxide semiconduc 
tor; oxides of three metal elements, such as an In-Ga— 
Zn-O-based oxide semiconductor, an In—Sn-Zn-O- 
based oxide semiconductor, an In-Al-Zn-O-based 
oxide semiconductor, a Sn—Ga—Zn-O-based oxide semi 
conductor, an Al-Ga—Zn-O-based oxide semiconductor, 
and a Sn—Al-Zn-O-based oxide semiconductor; oxides 
of two metal elements, such as an In-Zn-O-based oxide 
semiconductor, a Sn—Zn-O-based oxide semiconductor, 
an Al-Zn-O-based oxide semiconductor, a Zn-Mg-O- 
based oxide semiconductor, a Sn—Mg O-based oxide 
semiconductor, an In-Mg-O-based oxide semiconductor, 
and an In-Ga—O-based material; and oxides of one metal 
element, such as an In-O-based oxide semiconductor, a 
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Sn-O-based oxide semiconductor, and a Zn-O-based 
oxide semiconductor. In addition, any of the above oxide 
semiconductors may contain an element other than In, Ga. 
Sn, and Zn, for example, SiO. 
0248 For example, an In Ga—Zn O-based oxide 
semiconductor refers to an oxide containing indium (In), 
gallium (Ga), and Zinc (Zn), and there is no limitation on the 
composition thereof. 
0249 For the oxide semiconductor film, a thin film 
expressed by a chemical formula of InMO(ZnO), (mo-0) 
can be used. Here, M represents one or more metal elements 
selected from Zn, Ga., Al, Mn, and Co. For example, M can 
be Ga, Ga and Al, Ga and Mn, or Ga and Co. 
0250. In the case where an In Zn O-based material is 
used as an oxide semiconductor, the atomic ratio of metal 
elements in a target to be used is In:Zn=50:1 to 1:2 (In O: 
ZnO=25:1 to 1:4 in a molar ratio), preferably In:Zn=20:1 to 
1:1 (In O:ZnO=10:1 to 1:2 in a molar ratio), further pref 
erably In:Zn=15:1 to 1.5:1 (In O:ZnO=15:2 to 3:4 in a 
molar ratio). For example, in a target used for forming an 
In—Zn-O-based oxide semiconductor with an atomic ratio 
of In:Zn:O=X:Y:Z, the relation of Z 1.5X+ is satis 
fied. The mobility can be increased by keeping the ratio of 
Zn within the above range. 
0251. Note that a purified oxide semiconductor obtained 
by reduction of impurities serving as electron donors (do 
nors). Such as moisture or hydrogen, and by reduction of 
oxygen defects is an i-type (intrinsic) semiconductor or a 
Substantially i-type semiconductor. A transistor including the 
purified oxide semiconductor therefore has extremely low 
off-state current. The band gap of the oxide semiconductor 
is 2 eV or more, preferably 2.5 eV or more, further prefer 
ably 3 eV or more. With the use of an oxide semiconductor 
film that is highly purified by sufficient decrease in the 
concentration of impurities such as moisture and hydrogen 
and reduction of oxygen defects, the off-state current of a 
transistor can be decreased. 

0252 Specifically, various experiments can prove low 
off-state current of a transistor in which a purified oxide 
semiconductor is used for a semiconductor film. For 
example, the off-state current of even a transistor with a 
channel width of 1x10' um and a channel length of 10 um 
can be less than or equal to the measurement limit of a 
semiconductor parameter analyzer, that is, less than or equal 
to 1x10' A when the voltage between a source terminal 
and a drain terminal (drain Voltage) ranges from 1 V to 10 
V. In that case, the off-state current density corresponding to 
a value obtained by dividing the off-state current by the 
channel width of the transistor is 100 ZA/um or less. In 
addition, the off-state current has been measured using a 
circuit in which a capacitor and a transistor were connected 
to each other and charge flowing into or from the capacitor 
was controlled by the transistor. For the measurement, the 
transistor in which a channel formation region is formed in 
a purified oxide semiconductor film has been used, and the 
off-state current density of the transistor has been measured 
from a change in the amount of charge of the capacitor per 
unit time. As a result, it has been proven that an extremely 
low off-state current density of several tens of yoctoamperes 
per micrometer (yA/um) is obtained at a Voltage between the 
source terminal and the drain terminal of the transistor of 3 
V. Consequently, it can be understood that the off-state 
current of the transistor in which the channel formation 
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region is formed in the purified oxide semiconductor film is 
significantly lower than that of a transistor using crystalline 
silicon. 
0253) Unless otherwise specified, in this specification, 
the off-state current of an n-channel transistor is a current 
that flows between a source terminal and a drain terminal 
when the potential of a gate is lower than or equal to 0 with 
the potential of the Source terminal as a reference potential 
while the potential of the drain terminal is higher than those 
of the source terminal and the gate. Moreover, in this 
specification, the off-state current of a p-channel transistor is 
a current that flows between a source terminal and a drain 
terminal when the potential of a gate is higher than or equal 
to 0 with the potential of the source terminal as a reference 
potential while the potential of the drain terminal is lower 
than those of the source terminal and the gate. 
0254. An oxide semiconductor film can be formed, for 
example, by sputtering using a target including indium (In), 
gallium (Ga), and Zinc (Zn). When an In-Ga-Zn-based 
oxide semiconductor film is formed by Sputtering, it is 
preferable to use an In-Ga—Zn-based oxide target having 
an atomic ratio of In:Ga:Zn=1:1:1, 4:2:3, 3:1:2, 1:1:2, 2:1:3, 
or 3:1:4. When an oxide semiconductor film is formed using 
an In-Ga—Zn-based oxide target having the aforemen 
tioned atomic ratio, a polycrystal or a c-axis-aligned crystal 
(CAAC), which is described below, is readily formed. 
0255. The filling rate of the target including In, Ga, and 
Zn is 90% or higher and 100% or lower, preferably 95% or 
higher and lower than 100%. With the use of the target with 
high filling rate, a dense oxide semiconductor film is formed. 
0256 Specifically, the oxide semiconductor film may be 
formed as follows: the substrate is held in a treatment 
chamber with pressure reduced, a sputtering gas from which 
hydrogen and moisture are removed is introduced while 
residual moisture in the treatment chamber is removed, and 
the above-described target is used. The substrate tempera 
ture during film formation may range from 100° C. to 600° 
C., preferably from 200° C. to 400° C. By forming the oxide 
semiconductor film while the substrate is heated, the con 
centration of impurities included in the formed oxide semi 
conductor film can be reduced. In addition, damage by 
sputtering can be reduced. In order to remove remaining 
moisture in the treatment chamber, an entrapment vacuum 
pump is preferably used. For example, a cryopump, an ion 
pump, or a titanium Sublimation pump is preferably used. 
The evacuation unit may be a turbo pump provided with a 
cold trap. In the deposition chamber which is evacuated with 
the cryopump, for example, a hydrogen atom and a com 
pound containing a hydrogen atom, Such as water (H2O) 
(preferably, a compound containing a carbon atom as well) 
are removed, whereby the impurity concentration in the 
oxide semiconductor film formed in the chamber can be 
reduced. 

0257. Note that the oxide semiconductor film formed by 
sputtering or the like sometimes contains a large amount of 
moisture or hydrogen (including a hydroxyl group) as impu 
rities. Moisture and hydrogen easily form a donor level and 
thus serve as impurities in the oxide semiconductor. In one 
embodiment of the present invention, in order to reduce 
impurities such as moisture or hydrogen in the oxide semi 
conductor film (in order to perform dehydration or dehy 
drogenation), the oxide semiconductor film is subjected to 
heat treatment in a reduced-pressure atmosphere, an inert 
gas atmosphere of nitrogen, a rare gas, or the like, an oxygen 
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gas atmosphere, or ultra-dry air (the moisture amount is 20 
ppm (-55° C. by conversion into a dew point) or less, 
preferably 1 ppm or less, further preferably 10 ppb or less in 
the case where measurement is performed by a dew point 
meter in a cavity ring-down laser spectroscopy (CRDS) 
method). 
0258 By performing heat treatment on the oxide semi 
conductor film, moisture or hydrogen in the oxide semicon 
ductor film can be eliminated. Specifically, heat treatment 
may be performed at a temperature higher than or equal to 
250° C. and lower than or equal to 750° C., preferably higher 
than or equal to 400° C. and lower than the strain point of 
the substrate. For example, heat treatment may be performed 
at 500° C. for approximately 3 to 6 minutes. When an RTA 
method is used for the heat treatment, dehydration or dehy 
drogenation can be performed in a short time; therefore, 
treatment can be performed even at a temperature higher 
than the strain point of a glass Substrate. 
0259. Note that in some cases, the heat treatment makes 
oxygen released from the oxide semiconductor film and an 
oxygen defect is formed in the oxide semiconductor film. To 
prevent an oxygen defect, an insulating film including 
oxygen is used as an insulating film in contact with the oxide 
semiconductor film, Such as a gate insulating film, in one 
embodiment of the present invention. Then, heat treatment 
is performed after formation of the insulating film including 
oxygen, so that oxygen is Supplied from the insulating film 
to the oxide semiconductor film. With the above structure, 
oxygen defects serving as donors can be reduced in the oxide 
semiconductor film and the Stoichiometric composition of 
the oxide semiconductor included in the oxide semiconduc 
tor film can be satisfied. It is preferable that the proportion 
of oxygen in the oxide semiconductor film is higher than that 
in the Stoichiometric composition. As a result, the oxide 
semiconductor film can be made Substantially i-type and 
variations in electrical characteristics of transistors due to 
oxygen defects can be reduced; thus, electrical characteris 
tics can be improved. 
0260 The heat treatment for supplying oxygen to the 
oxide semiconductor film is performed in a nitrogen atmo 
sphere, ultra-dry air, or a rare gas (e.g., argon or helium) 
atmosphere preferably attemperatures ranging from 200° C. 
to 400° C., for example, from 250° C. to 350° C. It is 
preferable that the water content in the gas be 20 ppm or less, 
preferably 1 ppm or less, further preferably 10 ppb or less. 
0261 The oxide semiconductor film is in a single crystal 
state, a polycrystalline (also referred to as polycrystal) state, 
an amorphous state, or the like. 
0262 The oxide semiconductor film is preferably a c-axis 
aligned crystalline oxide semiconductor (CAAC-OS) film. 
0263. The CAAC-OS film is not completely single crys 

tal nor completely amorphous. The CAAC-OS film is an 
oxide semiconductor film with a crystal-amorphous mixed 
phase structure where crystalline parts and amorphous parts 
are included in an amorphous phase. Note that in most cases, 
the crystal part fits inside a cube whose one side is less than 
100 nm. From an observation image obtained with a trans 
mission electron microscope (TEM), a boundary between an 
amorphous part and a crystal part in the CAAC-OS film is 
not clear. Further, a grain boundary in the CAAC-OS film is 
not found with the TEM. Thus, reduction in electron mobil 
ity due to the grain boundary is suppressed in the CAAC-OS 
film. 
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0264. In each of the crystal parts included in the CAAC 
OS film, the c-axis is aligned in a direction parallel to a 
normal vector of a surface where the CAAC-OS film is 
formed or a normal vector of a surface of the CAAC-OS 
film, triangular or hexagonal atomic arrangement which is 
seen from the direction perpendicular to the a-b plane is 
formed, and metal atoms are arranged in a layered manner 
or metal atoms and oxygen atoms are arranged in a layered 
manner when seen from the direction perpendicular to the 
c-axis. Note that among crystal parts, the directions of the 
a-axis and the b-axis of one crystal part may be different 
from those of another crystal part. In this specification, a 
term “perpendicular includes a range from 85° to 95° 
unless otherwise specified. In addition, a term “parallel 
includes a range from -5° to 5° unless otherwise specified. 
0265. In the CAAC-OS film, distribution of crystal parts 
is not necessarily uniform. For example, when crystal 
growth occurs from a surface side of the oxide semiconduc 
tor film in the process of forming the CAAC-OS film, the 
proportion of crystal parts in the vicinity of the surface of the 
oxide semiconductor film is sometimes higher than that in 
the vicinity of the surface over which the oxide semicon 
ductor film is deposited. Further, when an impurity is added 
to the CAAC-OS film, the crystal part in a region to which 
the impurity is added becomes amorphous in some cases. 
0266 Since the c-axes of the crystal parts included in the 
CAAC-OS film are aligned in the direction parallel to a 
normal vector of the surface where the CAAC-OS film is 
formed or a normal vector of the surface of the CAAC-OS 
film, the directions of the c-axes may be different from each 
other depending on the shape of the CAAC-OS film (the 
cross-sectional shape of the surface over which the CAAC 
OS film is deposited or the cross-sectional shape of the 
surface of the CAAC-OS film). The crystal part is formed 
during deposition or by performing treatment for crystalli 
Zation Such as heat treatment after deposition. 
0267. With the use of the CAAC-OS film, the change in 
electric characteristics of the transistor due to irradiation 
with visible light or ultraviolet light can be reduced. Thus, 
the transistor has high reliability. 
0268. Note that part of oxygen included in the oxide 
semiconductor film may be substituted with nitrogen. 
0269. The CAAC-OS film is formed by sputtering using 
a polycrystalline oxide semiconductor Sputtering target, for 
example. When ions collide with the Sputtering target, a 
crystal region included in the Sputtering target might be 
separated from the target along the a-b plane; in other words, 
sputtered particles having a plane parallel to the a-b plane 
(flat plate-like sputtered particles or pellet-like sputtered 
particles) might flake off from the Sputtering target. In that 
case, the flat plate-like sputtered particles might be able to 
reach a Substrate while maintaining their shape, whereby the 
CAAC-OS film might be formed. 
(0270. The CAAC-OS film is preferably deposited under 
the following conditions. 
0271 Deformation of the crystal due to impurities can be 
prevented by reducing the amount of impurities entering the 
CAAC-OS film during the deposition, for example, by 
reducing the concentration of impurities (e.g., hydrogen, 
water, and carbon dioxide) that exist in the deposition 
chamber or by reducing the concentration of impurities in a 
deposition gas. Specifically, a deposition gas with a dew 
point of -80° C. or lower, preferably -100° C. or lower is 
used. 



US 2017/0053952 A1 

0272 Increase in the substrate heating temperature dur 
ing the deposition might promote migration of Sputtered 
particles after the Sputtered particles reach a Substrate Sur 
face. Hence, the Substrate heating temperature during the 
deposition is set from 100° C. to 740° C., preferably from 
200° C. to 500° C. By increasing the substrate heating 
temperature during the deposition, a flat plate-like Sputtered 
particle which reaches the Substrate undergoes migration on 
the substrate surface, so that the film of the oxide semicon 
ductor is formed with a flat plane of the flat plate-like 
sputtered particle parallel to the substrate. 
0273. It is preferable that the proportion of oxygen in the 
deposition gas be increased and the electric power be 
optimized in order to reduce plasma damage at the deposi 
tion. The proportion of oxygen in the deposition gas is 30 vol 
% or higher, preferably 100 vol%. 
0274 As an example of the Sputtering target, an In 
Ga—Zn-O compound target will be described below. 
0275 A polycrystalline In Ga—Zn-O compound tar 
get is made by mixing InO powder, GaO powder, and 
ZnO4 powder at a predetermined molar ratio, applying 
pressure to the mixture, and then performing heat treatment 
on the mixture at temperatures ranging from 1000° C. to 
1500° C. Note that X, Y, and Z are each a given positive 
number. Here, the predetermined molar ratio of InC) pow 
der to GaO powder and ZnO powder is, for example, 
2:2:1, 8:4:3, 3:1:1, 1:1:1, 4:2:3, or 3:1:2. The kinds of 
powder and the molar ratio for mixing the powder can be 
determined as appropriate depending on a desired sputtering 
target. 
0276 Next, examples of a specific structure of a transis 
tor included in the semiconductor device according to the 
present invention will be described. 
0277. A transistor illustrated in FIG. 13A is a bottom-gate 
transistor with a channel-etched structure. 
0278. The transistor illustrated in FIG. 13A includes a 
gate electrode (gate) 1602 formed on an insulating Surface, 
a gate insulating film 1603 over the gate electrode 1602, a 
semiconductor film 1604 that overlaps the gate electrode 
1602 with the gate insulating film 1603 placed therebe 
tween, and conductive films 1605 and 1606 formed over the 
semiconductor film 1604. An insulating film 1607 formed 
over the semiconductor film 1604 and the conductive films 
1605 and 1606 may be considered as a component of the 
transistor. 
(0279. The transistor in FIG. 13A may also include a 
backgate electrode that overlaps the semiconductor film 
1604 with the insulating film 1607 placed therebetween. 
0280 A transistor illustrated in FIG. 13B is a bottom-gate 
transistor with a channel protective structure. 
0281. The transistor illustrated in FIG. 13B includes a 
gate electrode 1612 formed on an insulating Surface, a gate 
insulating film 1613 over the gate electrode 1612, a semi 
conductor film 1614 that overlaps the gate electrode 1612 
with the gate insulating film 1613 placed therebetween, a 
channel protective film 1618 formed over the semiconductor 
film 1614, and conductive films 1615 and 1616 formed over 
the semiconductor film 1614. An insulating film 1617 
formed over the channel protective film 1618 and the 
conductive films 1615 and 1616 may be considered as a 
component of the transistor. 
0282. The transistor in FIG. 13B may also include a 
backgate electrode that overlaps the semiconductor film 
1614 with the insulating film 1617 placed therebetween. 
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0283. The channel protective film 1618 can prevent the 
portion serving as a channel formation region in the semi 
conductor film 1614 from being damaged in a later step 
(e.g., from being reduced in thickness by plasma or an 
etchant in etching). Therefore, the reliability of the transistor 
can be improved. 
0284. A transistor illustrated in FIG. 13C is a bottom-gate 
bottom-contact transistor. 

0285. The transistor illustrated in FIG. 13C includes a 
gate electrode 1622 formed on an insulating Surface, a gate 
insulating film 1623 over the gate electrode 1622, conduc 
tive films 1625 and 1626 over the gate insulating film 1623, 
and a semiconductor film 1624 that overlaps the gate elec 
trode 1622 with the gate insulating film 1623 placed ther 
ebetween and is formed over the conductive films 1625 and 
1626. An insulating film 1627 formed over the conductive 
films 1625 and 1626 and the semiconductor film 1624 may 
be considered as a component of the transistor. 
0286 The transistor in FIG. 13C may also include a 
backgate electrode that overlaps the semiconductor film 
1624 with the insulating film 1627 placed therebetween. 
0287. A transistor illustrated in FIG. 13D is a top-gate 
bottom-contact transistor. 

0288. The transistor illustrated in FIG. 13D includes 
conductive films 1645 and 1646 formed over an insulating 
surface, a semiconductor film 1644 formed over the insu 
lating surface and the conductive films 1645 and 1646, a 
gate insulating film 1643 formed over the conductive films 
1645 and 1646 and the semiconductor film 1644, and a gate 
electrode 1642 that overlaps the semiconductor film 1644 
with the gate insulating film 1643 placed therebetween. An 
insulating film 1647 formed over the gate electrode 1642 
may be considered as a component of the transistor. 
0289. This embodiment can be implemented in combi 
nation with any other embodiment as appropriate. 

Embodiment 4 

0290 FIG. 14 illustrates an example of a panel that 
corresponds to one embodiment of a display device. The 
panel illustrated in FIG. 14 includes a substrate 700 and a 
pixel portion 701, a signal line driver circuit 702, a scan line 
driver circuit 703, and a terminal 704 that are provided over 
the Substrate 700. 

0291. The pixel portion 701 includes a plurality of pixels. 
Each pixel includes a display element and at least one 
transistor for controlling the operation of the display ele 
ment. The scan line driver circuit 703 selects a pixel 
included in the pixel portion 701 by controlling supply of 
potentials to scan lines connected to the pixels. The signal 
line driver circuit 702 controls Supply of an image signal to 
the pixel selected by the scan line driver circuit 703. 
0292 At least one of the signal line driver circuit 702 and 
the scan line driver circuit 703 includes the inverter circuit 
described in Embodiment 1 or the flip-flop circuit or the shift 
register circuit described in Embodiment 2. With such a 
structure, the effects described in Embodiment 1 or Embodi 
ment 2 can be achieved, and the size of the pixel portion 701 
can be increased. Moreover, a larger number of pixels can be 
provided in the pixel portion 701. 
0293. This embodiment can be implemented in combi 
nation with any other embodiment as appropriate. 
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Embodiment 5 

0294 The semiconductor device according to one 
embodiment of the present invention can be used for elec 
tronic devices Such as display devices, personal computers, 
and image reproducing devices provided with recording 
media (typically, devices that reproduce the content of 
recording media Such as digital versatile discs (DVDs) and 
have displays for displaying the reproduced images). Other 
examples of electronic devices that can include the semi 
conductor device according to one embodiment of the 
present invention are mobile phones, game consoles includ 
ing portable game consoles, personal digital assistants, 
e-book readers, cameras Such as video cameras and digital 
still cameras, goggle-type displays (head mounted displays), 
navigation systems, audio reproducing devices (e.g., car 
audio systems and digital audio players), copiers, facsimiles, 
printers, multifunction printers, automated teller machines 
(ATM), and vending machines. FIGS. 15A to 15E illustrate 
specific examples of these electronic devices. 
0295 FIG. 15A illustrates a portable game console 
including a housing 5001, a housing 5002, a display portion 
5003, a display portion 5004, a microphone 5005, a speaker 
5006, an operation key 5007, a stylus 5008, and the like. By 
using the semiconductor device according to one embodi 
ment of the present invention in a driver circuit of a portable 
game console, a low-power portable game console that 
operates stably can be provided. By using the semiconductor 
device according to one embodiment of the present inven 
tion in the display portion 5003 or the display portion 5004, 
a portable game console with high image quality can be 
provided. Note that although the portable game console in 
FIG. 15A includes the two display portions 5003 and 5004, 
the number of display portions included in the portable game 
console is not limited to two. 
0296 FIG. 15B illustrates a display device including a 
housing 5201, a display portion 5202, a support base 5203, 
and the like. By using the semiconductor device according 
to one embodiment of the present invention in a driver 
circuit of a display device, a low-power display device that 
operates stably can be provided. By using the semiconductor 
device according to one embodiment of the present inven 
tion in the display portion 5202, a display device with high 
image quality can be provided. Note that a display device 
includes, in its category, any display device for displaying 
information, such as display devices for personal computers, 
TV broadcast reception, and advertisement. 
0297 FIG. 15C illustrates a laptop personal computer 
including a housing 5401, a display portion 5402, a key 
board 5403, a pointing device 5404, and the like. By using 
the semiconductor device according to one embodiment of 
the present invention in a driver circuit of a laptop personal 
computer, a low-power laptop personal computer that oper 
ates stably can be provided. By using the semiconductor 
device according to one embodiment of the present inven 
tion in the display portion 5402, a laptop personal computer 
with high image quality can be provided. 
0298 FIG. 15D illustrates a personal digital assistant 
including a first housing 5601, a second housing 5602, a first 
display portion 5603, a second display portion 5604, a joint 
5605, an operation key 5606, and the like. The first display 
portion 5603 is provided in the first housing 5601, and the 
second display portion 5604 is provided in the second 
housing 5602. The first housing 5601 and the second hous 
ing 5602 are connected to each other with the joint 5605, and 
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the angle between the first housing 5601 and the second 
housing 5602 can be changed with the joint 5605. An image 
on the first display portion 5603 may be switched depending 
on the angle between the first housing 5601 and the second 
housing 5602. A semiconductor display device with a posi 
tion input function may be used as at least one of the first 
display portion 5603 and the second display portion 5604. 
Note that the position input function can be added by 
providing a touch panel in a semiconductor display device. 
Alternatively, the position input function can be added by 
providing a photoelectric conversion element called a pho 
tosensor in a pixel portion of a semiconductor display 
device. By using the semiconductor device according to one 
embodiment of the present invention in a driver circuit of a 
personal digital assistant, a low-power personal digital assis 
tant that operates stably can be provided. By using the 
semiconductor device according to one embodiment of the 
present invention in the first display portion 5603 or the 
second display portion 5604, a personal digital assistant with 
high image quality can be provided. 
0299 FIG. 15E illustrates a mobile phone including a 
housing 5801, a display portion 5802, an audio input portion 
5803, an audio output portion 5804, operation keys 5805, a 
light-receiving portion 5806, and the like. Light received in 
the light-receiving portion 5806 is converted into electrical 
signals, whereby external images can be loaded. By using 
the semiconductor device according to one embodiment of 
the present invention in a driver circuit of a mobile phone, 
a low-power mobile phone that operates stably can be 
provided. By using the semiconductor device according to 
one embodiment of the present invention in the display 
portion 5802, a mobile phone with high image quality can be 
provided. 
0300. This embodiment can be implemented in combi 
nation with any other embodiment as appropriate. 
0301 This application is based on Japanese Patent Appli 
cations serial No. 2011-217 150 filed with Japan Patent 
Office on Sep. 30, 2011, the entire contents of which are 
hereby incorporated by reference. 

1. (canceled) 
2. A semiconductor device comprising: 
first to fifth transistors each of which comprises a first 

terminal, a second terminal, and a gate; and 
a capacitor comprising first and second electrodes, 
wherein: 
the first terminal of the first transistor is electrically 

connected to the first terminal of the second transistor; 
the gate of the first transistor is electrically connected to 

the gate of the third transistor; 
the first terminal of the third transistor is electrically 

connected to the first terminal of the fourth transistor; 
the gate of the fourth transistor is electrically connected to 

the gate of the fifth transistor; 
the first terminal of the fifth transistor is electrically 

connected to the gate of the first transistor, 
the first electrode of the capacitor is electrically connected 

to the gate of the second transistor; 
the second electrode of the capacitor is electrically con 

nected to the first terminal of the first transistor, and 
a signal is inputted to the first electrode of the capacitor. 
3. The semiconductor device according to claim 2, 

wherein the signal oscillates between a high state and a low 
State. 
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4. The semiconductor device according to claim 2, 
wherein the first to fifth transistors have the same conduc 
tivity type. 

5. The semiconductor device according to claim 2, 
wherein at least one of the first to fifth transistors comprises 
an oxide semiconductor in a channel formation region. 

6. An electronic device comprising the semiconductor 
device according to claim 2. 

7. A semiconductor device comprising: 
first to fifth transistors each of which comprises a first 

terminal, a second terminal, and a gate; and 
a capacitor comprising first and second electrodes, 
wherein: 
the first terminal of the first transistor is electrically 

connected to the first terminal of the second transistor; 
the gate of the first transistor is electrically connected to 

the gate of the third transistor; 
the first terminal of the third transistor is electrically 

connected to the first terminal of the fourth transistor; 
the gate of the fourth transistor is electrically connected to 

the gate of the second transistor and the gate of the fifth 
transistor, 

the first terminal of the fifth transistor is electrically 
connected to the gate of the first transistor, 

the first electrode of the capacitor is electrically connected 
to the gate of the second transistor; 

the second electrode of the capacitor is electrically con 
nected to the first terminal of the first transistor, and 

a signal is inputted to the first electrode of the capacitor. 
8. The semiconductor device according to claim 7. 

wherein the signal oscillates between a high state and a low 
State. 

9. The semiconductor device according to claim 7. 
wherein the first to fifth transistors have the same conduc 
tivity type. 

10. The semiconductor device according to claim 7. 
wherein at least one of the first to fifth transistors comprises 
an oxide semiconductor in a channel formation region. 

11. An electronic device comprising the semiconductor 
device according to claim 7. 

12. A semiconductor device comprising: 
first to fifth transistors each of which comprises a first 

terminal, a second terminal, and a gate; and 
a capacitor comprising first and second electrodes, 
wherein: 
a value of a ratio W/L of a channel width W to a channel 

length L of the third transistor is larger than that of the 
first transistor; 

the first terminal of the first transistor is electrically 
connected to the first terminal of the second transistor; 

the gate of the first transistor is electrically connected to 
the gate of the third transistor; 

the first terminal of the third transistor is electrically 
connected to the first terminal of the fourth transistor; 

the gate of the fourth transistor is electrically connected to 
the gate of the fifth transistor; 
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the first terminal of the fifth transistor is electrically 
connected to the gate of the first transistor, 

the first electrode of the capacitor is electrically connected 
to the gate of the second transistor; 

the second electrode of the capacitor is electrically con 
nected to the first terminal of the first transistor, and 

a signal is inputted to the first electrode of the capacitor. 
13. The semiconductor device according to claim 12, 

wherein the signal oscillates between a high state and a low 
State. 

14. The semiconductor device according to claim 12, 
wherein the first to fifth transistors have the same conduc 
tivity type. 

15. The semiconductor device according to claim 12, 
wherein at least one of the first to fifth transistors comprises 
an oxide semiconductor in a channel formation region. 

16. An electronic device comprising the semiconductor 
device according to claim 12. 

17. A semiconductor device comprising: 
first to fifth transistors each of which comprises a first 

terminal, a second terminal, and a gate; and 
a capacitor comprising first and second electrodes, 
wherein: 
a value of a ratio W/L of a channel width W to a channel 

length L of the third transistor is larger than that of the 
first transistor; 

the first terminal of the first transistor is electrically 
connected to the first terminal of the second transistor; 

the gate of the first transistor is electrically connected to 
the gate of the third transistor; 

the first terminal of the third transistor is electrically 
connected to the first terminal of the fourth transistor; 

the gate of the fourth transistor is electrically connected to 
the gate of the second transistor and the gate of the fifth 
transistor, 

the first terminal of the fifth transistor is electrically 
connected to the gate of the first transistor, 

the first electrode of the capacitor is electrically connected 
to the gate of the second transistor; 

the second electrode of the capacitor is electrically con 
nected to the first terminal of the first transistor, and 

a signal is inputted to the first electrode of the capacitor. 
18. The semiconductor device according to claim 17, 

wherein the signal oscillates between a high state and a low 
State. 

19. The semiconductor device according to claim 17, 
wherein the first to fifth transistors have the same conduc 
tivity type. 

20. The semiconductor device according to claim 17, 
wherein at least one of the first to fifth transistors comprises 
an oxide semiconductor in a channel formation region. 

21. An electronic device comprising the semiconductor 
device according to claim 17. 
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